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Abstract 
 
 Retrotransposons are mobile genetic elements that 
accomplished transposition via an RNA intermediate. 
These elements can be transcriptionally activated by stress 
factors, such as UV light, ozone, pathogens, wounding 
and drought. A red alga, porphyra yezoensis has recently 
been recognized as a model plant for fundamental and 
applied study in marine biological science. In this paper, 
pulsed streamer-like discharge in liquid was used as a new 
stress condition, and the transcription level of a copia-like 
retrotansposon gene PyRE1 of a red alga, porphyra 
yezoensis was investigated. From the results of reverse 
transcription-polymerase chain reaction (RT-PCR) 
experiments, the transcription of PyRE1 was activated by 
applying pulsed streamer-like discharge. The results 
suggest that pulsed streamer-like discharge in liquid can 
be used as a new stress condition to activate 
retrotransposon genes and can provide a useful tool for 
insertion mutagenesis and genome research in biology 
field. 
 
 
I. INTRODUCTION 
 
 Retrotransposons are mobile genetic elements that 
accomplish transposition via an RNA intermediate that is 
reverse transcribed before integration into a new location 
within the host genome. They are ubiquitous in 
eukaryotes organism and constitute a major portion of the 
nuclear genome (often more than half of the total DNA) 
in plants. Their biological impact on the evolution though 
creation of genomic variability and speciation of various 
eukaryotes was speculated. Retrotransposons are divided 
into two broad groups, long terminal repeat (LTR) and 
non-LTR retrotransposons (Fig.1).LTR retrotransposons 
are further classified into two major families, the copia- 
and gypsy-groups, and non-LTR retrotransposons are 
classed into two groups, long interspersed elements 
(LINEs) and short interspersed elements (SINEs).  
A common feature of most retrotransposons is that they 
are activated by stress and environmental factors. 
Transcriptional or transpositional activation of 
retrotransposon by biotic and abiotic stress factors, such 
as UV light, ozone, and pathogens, wounding, and 
drought have been reported in some retrotransposons. The 
feature allows retrotransposons to be exploited as a 
genetic tool for basic and applied studies in plant biology. 
Major applications of retrotransposons in determining 
phylogeny and genetic diversity, in the gene functional 
analysis and in species improvement have been reported 
in plants.  
Streamer discharges in liquid is known to generate 
extremely electric fields at the tip of streamers, as well as 
high energy electrons, ozone, other chemically active 
species, ultraviolet rays and shock waves. The breakdown 
phenomena have been studied for a long time, and have 
been applied in many fields, such as treatment of exhaust 
gases, removal of volatile and toxic compounds, and the 
sterilization of microorganisms. The application of 
electric fields with a short pulse width allows direct 
interaction with biological cells. In our laboratory, the 
pulsed streamer discharge has been used for treatment of 
cyanobacteria bloom. On the other hand, streamer 
discharge has similar feature with thunder that is a natural 
phenomena and is considered as an important 
environmental factor for evolution of organism, so it can 
be considered as a useful tool for retrotransposon 
activation.  
Porphyra yezoensis, a red alga, is an important marine 
plant. The red alga has been used to cultivate seaweed and 
most important in the fishery industry of Japan. In 
addition, it has recently received much attention as a 
model for fundamental research on marine plants. The 
Porphyra stand in the primitive stage of plant evolution, 
therefore research on retrotransposons can provide 
important information about origin and evolution of 
retrotransposons in plants. On the other hand, to find 
factors for retrotransposon activation will be useful for 
applications of retrotransposons to gene functional nalysis  
by tagging and species improvement by selecting 
insertional mutagenesis in the Porphyra. In our previous 
research, partial reverse transcriptase fragments related to 
that of some copia- and gypsy-like retrotransposons and 
SINEs were isolated from P. yezoensis. In the study, we 
investigated the effect of streamer discharge on 
transcriptional activation of the retrotransposon genes. 
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Figure1.  LTR and non-LTR retrotransposons. 
 
 
II. MATERIAL AND METHOD 
 
A. Plant materials 
Gametophytic blades of Porphyra yezoensis Ueda (strain 
TU-1) were kindly provided by Prof. N. Saga (Hokkaido 
Univ., Japan). The cultures were grown in a medium 
containing 3.5% Sealife powder (Marintech Co., Ltd. 
Japan) and 1% (v/v) ESS2 stock solution (pH 8.0). The 
medium were adjusted to pH 8.0 with 1N HCl prior to 
autoclaving   (120 oC, 1.2 kg cm-2) for 20 min. The 
concentration of nitrate in the medium was changed to 2.8 
mM. The culture for gametophytes of P. yezoensis was 
maintained at 15 oC on a photoregime of 10 hours light: 
14 hours dark with illumination from cool white 
fluorescent lamps (4,500 lux) with constant air bubbling. 
The cultures were transferred to fresh medium once per 
week. After 3 days of culture in fresh medium, young 
thalli (less than 3 cm in length) germinated from 
monospores were used as the sample. 
 
 
   
Figure 2. Porphyra yezoensis. 
 
 
B.  Pulse streamer discharge system 
Fig.3 shows the schematic diagram of the pulsed power 
generator used in this work. The generator consisted of a 
negative dc source (E, HDV-50K3US, Pulse Electronic 
Engineering Co., Japan), the Blumlein type pulse forming 
network (B-PFN) and a pulse transformer (PT). A 
triggered spark gap switch (SGS) was used as a closing 
switch of B-PFN. B-PFN had 12 stages of LC ladder, 
which were composed with 2.7nF of capacitor and 0.1 µH 
of inductor. The characteristic impedance ( CL /2  ) and 
the pulse width ( LCN2  ) of B-PFN, calculated from 
capacitance (C) and inductance (L) of LC ladder, and 
number (N) of LC ladder stages, were approximately 12.2 
Ω and 0.4 µs, respectively. The FINEMETTM (FT-3H, 
Hitachi Metals, Japan) was utilized as the core material of 
PT. PT had 6 of the winding ratio (windings: secondary 
windings = 1: 6). Therefore, the total characteristic 
impedance of the generator was computed at 439.2 Ω. 
Fig.4 shows the configuration of the discharge chamber 
used in this experiment. The needle to plate electrode was 
utilized as the discharge chamber. The needle electrode 
with 30 µm in tip was put concentrically into the cylinder 
vessel with 60 mm in inner diameter and 40 mm in length. 
A piece of copper plate inset in the insulating wall of the 
vessel which connected the ground. The applied voltage 
to and the discharge current through the discharge 
chamber were measured using a voltage divider (EP-100K, 
Pulse Electronic Engineering Co., Japan), which was 
connected between the needle and the cylinder electrodes, 
and a current monitor (Model 110A, Pearson Electronics, 
USA), which was located on the return to the ground, 
respectively. The signals from the voltage divider and the 
current monitor were recorded in a digitizing oscilloscope 
(54512B, Hewlett Packard, USA) with 200 MHz of 
bandwidth. 
 
 
 
Figure 3. Schematic diagram of pulsed power generator. 
 
 
 
Figure 4. Configuration of discharge chamber. 
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C. RNA isolation 
After applying streamer discharge treatment, total RNA 
was isolated from leafy gametophytes with Sepasol RNA 
I Super kit (Nacalai Tesque, Kyoto, Japan) according to 
the manufacturer’s protocol. About 50 mg of leafy 
gametophytes were grinded in liquid nitrogen, and 
transferred to 1 ml of Sepasol RNA I Super kit solution. 
The mixture was incubated at room temperature for 5 min, 
and treated with 200 µl of chloroform for 3 min. After 
centrifuge at 12000 × g for 15 min at 4oC, the supernatant 
was collected, and RNA was precipitated by adding 500 
ml of 2-propanol. Then RNA was rinsed with 70% 
ethanol, and was dissolved into TE buffer. 
 
D.  Reverse transcription polymerase chain reaction 
To determine the transcriptional level of retrotransposons, 
Reverse transcription polymerase chain reaction (RT-
PCR) was performed. First-strand cDNA was synthesized 
from 0.5 µg of total RNA at 42°C for 1 hour with 0.5 µl 
of Oligo dT-Adaptor primer using a RT-PCR kit (Takara 
Bio, Japan). The PCR reaction was carried out with 5 µl 
of 10×Taq buffer (Takara Bio), 200 µM of dNTPs, 2.5 U 
of Taq DNA polymerase (Takara Bio), 0.2 µM primers 
and 0.5 µl of cDNA in 50 µl solution. under the following 
PCR conditions: 30 cycles of 94°C for 30 sec, 60°C for 50 
sec and 72°C for 40sec, followed by 5 min at 72°C for 
final extension. Primer sets, RE-F (ACCTGTATGCACC 
GATGGAC) and RE-R (GCACTTGTCGGCCTTAGA  
CT) was used for PyRE1 retrotransposon, and EF-F 
(GGCTCGTTCAATACGCGTGG) and EF-R (GTTGT 
CCAGAGCCTCCAGCAG) was used for elongation 
factor gene. 
 
 
III. EXPERIMENTAL RESULTS  
 
A. retrotransposons and functional genes 
In our previous researches, two copia-like 
retrotransposons (PyRE1 and PyRE2), and two SINE-like 
elements (PySN1 and PySN2) were isolated from the red 
alga. In the paper, the effects of pulsed streamer discharge 
on transcriptional activation of the four retrotransposons 
were investigated. As shown in Fig. 5, two discharge 
conditions were selected for the test experiment, 18.5 kV, 
3 pulses (H); and 11.5kV, 8 pluses (L). mRNA 
accumulation levels at  4 hours after applying discharge 
treatment were investigated by reverse transcription 
polymerase chain reaction (RT-PCR). The elongation 
factor gene (PyEF) which has stable transcription even 
under stress conditions was used as control. RT-PCR 
experiments showed transcription of a copia-like 
retrotransposon, PyRE1 was activated by streamer 
discharge treatment. Low discharge voltage showed a 
good result for PyRE1 transcriptional activation.  
No change in transcription levels was observed in PyRE2, 
PySN1, and PySN2 elements (Fig. 5). 
The effect of pulse streamer discharge on functional 
genes, Bromoproxidase, Superoxide Dismutase, and 
Protease gene family were investigated. After discharge 
treatment, transcriptional levels of the functional genes 
increased. As same as in PyRE1 retrotransposon, low 
discharge voltage showed a good result for transcriptional 
activation of the functional genes. The results suggest that 
pulse streamer discharge can be use to enhance expression 
of functional genes (Fig. 6). 
 
Figure 5. Effect of pulse streamer discharge on 
retrotransposons. 
 
Figure 6. Effect of pulse streamer discharge on functional 
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B.  transcriptional activation of PyRE1 
Time course of the changes in RNA accumulation of 
PyRE1 and PyBP was investigated. The red alga was 
treated with 11.5kV, 5 pulses, and mRNA accumulation at 
0.5, 1, 3, 5, 8, 12, 24, and 48 hours after discharge 
treatment were investigated by RT-PCR. Transcription of 
PyRE1 and PyBP was reached at maximum level at 1 
hour after pulse discharge treatment (Fig.7). 
  Fig. 8 shows the effect of pulse numbers. The red alga 
was treated with 7kV charge voltage for 1, 2, 4, 6, 8, 10 
and 12 times, mRNA accumulation after 1 hour of 
discharge treatment showed that the sufficient result in 
transcriptional activation of PyRE1 was obtained from six 
shots. 
 
 
 
Figure 7. Time course of the changes in RNA 
accumulation. 
 
 
 
Figure 8. Effect of pulse numbers 
 
 
IV. DISCUSSION 
 
In the report, pulsed streamer discharge was applied to 
transcriptional activation of plant retrotransposons. The 
results indicated that mRNA accumulation of a copia-like 
retrotransposon, PyRE1, increased after applying streamer 
discharge, suggesting pulsed streamer discharge might be 
a useful tool to activate retrotransposon genes. 
Retrotransposon has an important feature of that they are 
activated by stress and environmental factors. Therefore, 
retrotransposons has received much attention as a useful 
genetic tool for biological researches in plants. Because 
retrotransposons are endogenous elements, mutant lines 
generated by retrotransposition can be grown in the field, 
and seeds can be exported. So, insertional mutagenesis is 
considered as a safe and efficient method for plant species 
improvement. For the application of plant retrotransposon, 
it is very important to find an effective stress factor 
impacted on retrotransposons activation. Streamer 
discharges in liquid generate four physical phenomena, 
each phenomenon might be considered as a factor for 
retrotransposon activation. On the other hand Streamer 
discharge has similar feature with thunder which is 
considered as an important environmental factor for 
evolution of organism. Therefore, the comprehensive 
physical phenomena can be considered as a useful tool for 
retrotransposon activation. In the study, the effect of pulse 
streamer discharge on PyRE1 retrotransposon of Porphyra 
yezoensis was confirmed. The method could prove useful 
for the other plant retrotransposons. It is well known that 
the pulsed streamer discharge in water can cause four 
physical phenomena, such as the intense discharge current 
from the needle electrode to the ground, the free radical 
formation in the plasma, the ultraviolet radiation and the 
shockwave generation. What are the main impact factors 
in the transcriptional activation of retrotransposon genes 
should be considered. In this experiment, single streamer 
discharge was applied to the discharge chamber filled 
with sample water. It was observed that the discharge 
didn’t spread to the entire space of the discharge chamber. 
Because the UV radiation can only propagate in the 
streamer branch, therefore, UV didn’t play an important 
role. The free radicals formation, such as OH-, H-, O•, 
HO2-, were considered to affect insignificantly. Because 
these radicals formed by high-energy state electrons in the 
streamer head, at the same time they can form product 
molecules H2 and H2O2 or reform water. Therefore, these 
radicals can’t diffuse far away in the water column. It was 
concluded that free radicals formation and ultraviolet 
radiation was not considered as the main factors in this 
experiment. The shockwave and discharge current due to 
the pulsed streamer-like discharge in water might be the 
effective factors for the transcriptional activation of 
retrotransposon genes. 
 
 
V. SUMMARY 
 
1. A copia-like retrotransposon gene, PyRE1, was 
activated by applying pulsed streamer discharge,    
suggesting pulsed streamer discharge can be used as a 
useful tool to activate retrotransposon genes. 
2. Time course of the changes in RNA accumulation 
showed that transcription of PyRE1 and PyBP was 
reached at the maximum level at 1 h after applying 
streamer discharge. 
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